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resistivity  p  vs.  temperature  T  and  the  TCR  are  presented  for  extensive  ranges 
of  2kp/kp  and  electron  mean  free  path.  The  results,  incorporating  the 
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resistivity  glassy  metals.  However,  although  inclusion  of  the  Pippard-Ziman 
condition  dramatically  improves  agreement  with  the  data,  quantitative 
agreement  is  not  obtained  in  high  resistivity  amorphous  metals. 
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Many  ductile  metals  in  intimate  contact  with  thin  coatings  of  low  melting  solid 
metal  which  exhibit  liquid  metal  embrittlement,  also  manifest  severe  embrittle¬ 
ment  when  tested  at  temperatures  below  the  melting  point  of  the  coating.  A 
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brittle  intergranular  or  transcrystalline  mode  with  multiple  cracks  and 
branching.  This  new  phenomena  is  known  as  solid  metal  induced  embrittlement 
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describes  the  occurrence  of  SMIE  in  metals  and  alloys  used  in  industry  and 
presents  results  of  recent  investigations.  It  describes  the  effects  of  time, 
temperature,  and  stress  on  SMIE.  It  discusses  the  occurrence,  the  mechanisms 
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while  investigating  environmentally  induced  failure  of  failure  analysis  of 
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for  the  stresses,  strains,  and  displacement  have  been  obtained  and  all 
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rotating  bands  has  a  number  of  important  negative  consequences  including 
inaccuracy  and  "short  rounds".  There  are  two  distinctly  different  mechanisms 
of  wear.  At  low  speeds  near  the  beginning  of  motion,  wear  is  by  adhesion, 
abrasion,  and  even  under  some  conditions,  scuffing.  After  a  few  centimeters 
of  sliding,  a  thin  surface  film  of  molten  band  material  is  formed  and  the 
remainder  of  the  sliding  is  melt-lubricated.  While  metal-on-metal  sliding  is 
limited  to  the  first  few  centimeters,  it  is  very  important  and  can  result  in 
serious  wear  problems  down  bore.  The  exact  wear  of  rotating  bands  depends  on 
the  motion  of  the  projectile  in  the  bore  of  the  cannon.  Therefore,  this 
motion  can  be  inferred  from  the  wear. 
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A  computer  program  was  developed  which  models  the  energy  transfer  in  a  155mm 
howitzer  recoil  mechanism.  The  program  also  predicts  the  temperature-time 
history  in  the  recoil  mechanism  components.  A  worst  case  firing  scenario 
of  a  repetitive  five  minute  cycle,  involving  six  rounds  fired  in  one  minute, 
followed  by  four  idle  minutes  is  utilized.  The  recoil  mechanism  is  modeled  by 
considering  each  of  the  components  in  the  recoil  mechanism  as  a  lumped- 
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parameter  node.  After  a  simulated  round  is  fired,  and  during  the  four  idle 
minutes,  an  energy  balance  is  made  between  all  nodes.  Energy  transfer  by 
radiation  and  convection  is  considered.  The  rise  in  the  temperature  of  each 
node  is  calculated  from  the  energy  absorbed.  Numerical  results  obtained  from 
the  computer  program  show  that  unacceptable  temperatures  will  be  reached  in 
the  recoil  mechanism  unless  forced-convection  heat  transfer  cooling  is  used. 

A  mechanical  scheme  for  incorporating  forced- convection  cooling  is  suggested 
and  predicted  temperatures  are  presented. 
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This  study  was  conducted  to  determine  a  superior  erosion  resistant  gun  barrel 
liner  material  with  improved  properties  at  higher  temperatures.  Four 
categories  of  powders  were  examined: 

1.  TZM  spherical  containing  0.5  titanium,  0.08  zirconium,  and  0.02  carbon 
(wt.  %  nominally),  balance  molybdenum  (Mo),  produced  by  REP  ((Rotating 
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Electrode  Process),  PREP  (Plasma  Rotating  Electrode  Process),  and  PMRS 
(Plasma  Melted  and  Rapidly  Solidified); 

2.  Mo  reduced  2  and  5  ym; 

3.  Mo-0.1%  cobalt,  co-reduced; 

4.  Mo-5  wt.  X  alumina  (AI2O3),  dispersion  strengthened. 

Hot  Isostatic  Pressing  (HIP)  densif ication  occurred  at  15-30  Ksi,  1300-1600aC, 
for  1.5  to  3.0  hours.  The  TZM  REP/PREP  powders  (220/74  un)  were  not  fully 
densif led  even  at  1600° C,  30  Ksi,  3  hours.  Point  particle  contact  prevented 
complete  void  elimination.  TZM  PMRS  powder  (24.7  un)  achieved  99  percent  of 
theoretical  density  while  maintaining  a  small  grain  size  (10.4  ASTM  eq.)  Bend 
deflection  and  fracture  energies  were  approximately  three  times  those  for  PREP 
powder  at  a  bend  rupture  strength  of  about  120  Ksi.  Mo  reduced  and  Mo-O.lZ  Co 
powders  showed  less  (or  Che  same)  ductility  with  increasing  HIP  temperatures. 
Fractures  were  Intergranular  with  decreased  bend  rupture  and  compression 
strength.  The  M0-5AI2O3  powder  maintained  a  fine  grain  size  (13  ASTM  eq.), 
but  with  fracture  energies  usually  less  than  0.6  in. -lbs.  Included  are 
results  from  bending  and  compression  testing  with  metallographlc  and  fracture 
mode  interpretation. 
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For  a  robot  to  be  able  to  perform  a  task  in  a  dynamic  workscene,  it  must  be 
able  to  identify  the  objects  in  the  scene.  To  achieve  this  objective,  a  form 
of  sight  must  be  provided.  The  first  stage  in  achieving  sight  is  the 
collection  of  visual  input  data.  This  input  is  in  the  form  of  depth 
information,  such  as  that  received  from  a  laser  range  finder. 
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20.  ABSTRACT  (CONT'D) 

The  laser  range  finder  for  a  mobile  robot  is  mounted  on  a  mast  from  which  a 
noisy  measurement  matrix  is  generated.  This  range  matrix  has  a  grid  with 
azimuth  angles  as  its  abscissa  and  elevation  angles  as  its  ordinates.  With 
these  noisy  measurements,  a  rapid  estimation  scheme  is  used  to  det  -he 
presence  of  horizontal  and  vertical  edges  on  a  terrain  by  processii  -  range 
data  successively  along  each  column  and  row  of  the  range  matrix.  Mai  points  in 
a  three-dimensional  space  are  generated  by  estimating  sudden  change  in  the  range 
and  range  slopes  using  detection  scheme  with  a  decision  tree.  The  result  of  the 
estimation  is  a  collection  of  data  points  to  form  a  curve  in  space  that  belongs 
to  some  edge  of  an  obstacle  from  the  vantage  point  where  the  laser  range  finder 
is  located.  The  orthogonal  surface  slopes  of  an  obstacle  can  be  determined  from 
the  range  slopes  which  are  estimated  from  the  range  matrix.  The  segmentation  of 
range  data  on  the  basis  of  surface  slopes  provides  groups  of  connected  data 
points  that  belong  to  one  particular  face  of  some  observed  obstacles.  The 
problem  of  grouping  range  data  points  of  different  planar  surfaces  on  the  basis 
of  their  surface  slopes  becomes  an  application  of  clustering  analysis. 

A  data  clustering  and  surface  fitting  operation  must  be  performed  and  the 
location  of  edges  and  vertices  must  be  determined.  Objects  are  then  assembled 
from  these  surfaces,  edges,  and  vertices.  There  are  no  a  priori  knowledge  of 
the  number  of  objects  in  the  workscene,  however,  it  is  assumed  that  all  the 
objects  In  the  scene  can  be  approximated  modeled  as  having  many  planar  surfaces. 
Limitations  of  a  sight  system  depend  on  the  form  of  input  data  used.  Systems 
such  a3  laser  range  finder  systems,  which  use  range  information  directly,  cannot 
determine  edges  between  objects  which  are  in  close  alignment.  Clearly  none  of 
these  input  data  styles  can  determine  the  scene  description  perfectly; 
therefore,  any  object  recognition  scheme  would  strive  for  consistency. 

The  first  approach  of  a  heuristic  scheme  for  object  reconstruction  and  formation 
is  presented  here  based  on  input  data  containing  depth  Information.  This  scheme 
will  reconstruct  plane  faceted  objects  from  a  workscene  described  as  edges, 
faces,  and  vertices  in  cartesian  coordinates.  The  set  of  heuristic  rules  is 
based  on  geometric  considerations  and  insight  into  the  characteristics  of 
objects,  which  are  found  to  be  the  convexity  and  colinearity  of  edges.  Methods 
for  determining  if  an  edge  is  convex  or  concave  and  if  two  edges  are  colinear 
are  developed.  These  methods  are  consistent,  regardless  of  the  viewer's  point 
of  observation.  If  parts  of  the  image  of  the  workscene  in  the  input  information 
exhibit  certain  properties,  then  these  parts  will  be  grouped  as  an  object. 
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When  an  otherwise  homogeneous  material  under  stress  contains  small  defects 
(i.e.,  internal  cracks  and/or  voids),  the  stresses  at  parts  of  the  material- 
defect  interface  significantly  exceed  the  ones  anticipated  at  that  location  in 
the  absence  of  such  irregularities.  Consequently,  a  structural  member,  other¬ 
wise  calculated  to  safely  sustain  the  applied  loads,  might  unpredictably  fail. 
That  branch  of  engineering  which  intends  to  account  for  such  ’stress-raisers’ 
is  known  as  fracture  mechanics.  Fracture  mechanics  studies  have  found  that 
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different  materials  (and  even  the  same  material  when  loaded  in  different 
orientations)  reflect  different  sensitivity  to  such  'stress-raisers* — a 
material  property  known  as  fracture  toughness.  Test  samples  and  testing 
procedures  have  been  devised  in  order  to  quantify  this  material  property.  The 
relation  between  the  applied  load  and  its  displacement  (or  gap  opening)  at  the 
point  of  crack  growth  is  being  used  herein  to  determine  (compute)  material 
fracture  toughness. 

While  the  equations  derived  for  the  stress  field  near  the  edge  of  a  defect  in 
an  otherwise  uniform  field  assume  an  infinite  volume  of  material  to  surround 
the  (relatively)  very  small  defect,  the  crack  to  width  and/or  height  in  these 
laboratory  size  testing  samples  is  definitely  a  finite  one.  This  report 
offers  a  mathematical  relation  between  the  applied  load  and  that  part  of  the 
deflection  (gap  opening)  which  is  due  to  the  cantilever-like  part  of  the 
sample,  for  that  class  of  fracture  toughness  test  specimens  which  can  be 
described  as  double  cantilever.  A  beam  theory  approach  is  used. 


74 


SECURITY  CLASSIFICATION  of  this  PAGEC'»>>«'  Enttrtd) 


Vr  yr  '.,v.  \-v 


SECURITY  CLASSIFICATION  of  THIS  PAGE  (When  Pete  Entered) 

REPORT  DOCUMENTATION  PAGE  befoIeDcomple™gNform 

t.  REPORT  NUMBER  |2.  GOVT  ACCESSION  NO.  3.  RECIPIENT'S  CATALOG  NUMBER 


I.  REPORT  NUMBER  2.  GOVT  ACCESS 

ARLCB-TR- 85028 

4.  TITLE  (and  Subtitle) 

A  LOCAL  REFINEMENT  FINITE  ELEMENT  METHOD  FOR 
TIME  DEPENDENT  PARTIAL  DIFFERENTIAL  EQUATIONS 


7.  AUTHOR/*; 

Joseph  E.  Flaherty  and  Peter  K.  Moore 
(See  Reverse) 

9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS  — 

US  Army  Armament  Research  &  Development  Center 
Benet  Weapons  Laboratory,  SMCAR-LCB-TL 
Watervliet,  NY  12189-5000 _ 

11.  CONTROLLING  OFFICE  NAME  ANO  ADDRESS 

US  Army  Armament  Research  &  Development  Center 
Large  Caliber  Weapon  Systems  Laboratory 
Dover,  NJ  07801-5001 _ _ 


S.  TYPE  OF  REPORT  4  PERIOD  COVERED 


Final 


6.  PERFORMING  ORG.  REPORT  NUMBER 


a.  contract  or  grant  number/*; 


10.  program  element,  project,  task 

AREA  a  WORK  UNIT  NUMBERS 

AMCMS  NO. 6111. 01. 91 A0. Oil 
PRON  NO.  1A425M5 1A1A 

12.  REPORT  DATE 

August  1985 _ 

13.  NUMBER  OF  PAGES 

17 


<4.  MONITORING  AGENCY  name  a  AOORESS///  dlllatmtl  from  Controlling  Office;  15.  SECURITY  CLASS,  f of  thlt  report; 

Unclassified 

15e.  DECLASSI  FI  CATION/ DOWNGRADING 
SCHEDULE 

16.  DISTRIBUTION  STATEMENT  f«f  tfife  Report;  ~  ™  " 

Approved  for  Public  Release;  Distribution  Unlimited 


I  17.  DISTRIBUTION  STATEMENT  (of  the  ebetrmet  entered  In  Block  20,  It  different  from  Report; 


ia.  supplementary  notes  presentecj  at  the  Second  Conference  on  Applied  Math  and 
Computing,  22-25  May  1984,  RPI,  Troy,  New  York. 


19.  KEY  WO  AOS  (Continue  on  rereree  tide  If  neceeeary  end  Identify  by  block  number) 

Finite  Element  Method 
Partial  Differential  Equations 
Space-Time  Elements 
Local  Refinement 

Adaptive  Methods _ 

2Q,  ABSTRACT  (Continue  em  rover  me  tide  ft  nejceemmry  mad  Identity  by  block  number) 
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aspects  of  our  algorithm,  including  the  tree  structure  that  is  used  to 
represent  the  finite  element  solution  and  grids,  an  error  estimation 
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a  problem  involving  Burgers'  equation,  and  a  model  combustion  problem. 
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